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We investigated the feasibility of incorporating vermicompost as a plant-growth 
promoter into pine (Pinus pinaster Ait.) nurseries. Pines were grown in conventional peat-
based nursery potting media where the peat was substituted by 0%, 2.5%, 5%, 10% and 25% 
solid vermicompost. In addition, in order distinguish between possible physical and 
biochemical mechanisms, the effects of solid vermicompost and vermicompost extracts on 
pine seedling growth were compared. Five different pine open-pollinated progenies were used 
in order to evaluate the possible genotype-dependent effects of vermicompost. All pots were 
provided with adequate mineral fertilization in order to avoid nutrient limitations and 
arranged in the greenhouse following a bifactorial randomized block design. Twenty weeks 
after sowing, seedlings were harvested and their aerial and root growth were measured, as 
well as biomass partitioning and seedling maturity. Amendment with solid vermicompost at 
2.5% and 10% significantly stimulated pine seedling height, but not aerial biomass. 
Vermicompost also produced seedlings with greater shoot:root biomass ratios than the 
control. Besides, we noticed a significant inhibition of aerial and root biomass with the higher 
dose of solid vermicompost (25% substrate substitution). No effects, either positive or 
negative, were detected in plant growth due to the vermicompost extracts. All the reported 
results were the same for all the different progenies assayed, and therefore no genotype 
dependent effects were detected. 
 
Keywords: pine, forest nursery, soil-less substrate, organic fertilizer, genotype x environment 
interaction. 
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Vermicompost is a nutrient-rich microbiologically-active organic amendment which 
results from the interactions between earthworms and microorganisms in the breakdown of 
organic matter. It is a stabilized, finely-divided peat-like material with a low C:N ratio and 
high water-holding capacity that constitutes a source of plant nutrients which are released 
gradually, through mineralization, as the plant needs them (Domínguez, 2004). Incorporation 
of vermicompost into growing media has shown to significantly improve plant growth, since 
it constitutes a slow-release source of nutrients that also modifies the physical properties of 
the potting substrates (Hidalgo et al., 2002; Chaoui et al., 2003; Hidalgo et al., 2006). 
Furthermore, several pot and field trials have shown that vermicompost produces significant 
positive effects on plant growth and yield at relatively low proportions (up to 20% of the 
growing media), even when plants are adequately supplied with mineral fertilizers, therefore 
suggesting the existence of non-nutrient mediated mechanisms of plant growth promotion 
(see revision by Edwards et al., 2004). These observations would seem to be reinforced by the 
presence of biologically active metabolites such as plant growth regulators (Tomati et al., 
1987; El Harti et al., 2001) and humates (Muscolo et al., 1999; Atiyeh et al., 2002; Canellas 
et al. 2002) found in some vermicomposted materials. 
Up to now the potential of vermicompost as a plant growth promoter has seldom been 
studied in forest species. Alves and Passoni (1997) reported that vermicompost increased the 
germination index of the Brazilian tree Licania tomentosa, and in a previous study we 
observed that the use of vermicompost and vermicompost water extracts could enhance Pinus 
pinaster germination by 15% (Lazcano et al., in press). Therefore, vermicompost could 
constitute an attractive alternative to mineral fertilizers in forest nurseries, since it appears to 
increase seedling growth significantly. Nevertheless, there are several plant-dependent factors 
that determine the appearance of differential responses to fertilization. Specifically, plant 
genotype is responsible for important differences in nutrient use efficiency (Kamau et al., 
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2008a) and resource allocation (Kamau et al., 2008b), as well as for varying  responses to 
certain nutrient additions (Bonser et al., 1996; Zas et al., 2006). In addition, it has been 
demonstrated that different plant genotypes can produce different root exudates and therefore 
establish different relationships with the microbial community at the rhizosphere level 
(Rengel and Marschner, 2005; Appuhn and Joergensen, 2006). In this respect, Donald and 
Viser (1989) found that vermicompost had contrasting effects in the growth of the nursery 
species Acacia mearnsii, Pinus patula and Eucaliptus grandis, which shows that the effects of 
vermicompost might depend greatly on the species studied. Furthermore, these effects can 
vary even among varieties of the same species, as shown recently by Zaller (2007), 
evidencing that plant genotype might play a key role in the response to organic fertilizers and 
more specifically to vermicompost. 
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Here we investigated the feasibility of incorporating vermicompost as a plant growth 
promoter into the potting media of pine (P. pinaster), a forest species with a high economic 
importance in the south-west of Europe. In order to investigate the possible physical or 
biochemical effects of vermicompost we also compared the performance of solid 
vermicompost and vermicompost extracts on pine seedling growth. The influence of plant 
genotype was investigated through the assessment of the effects of vermicompost treatments 
on five different pine progenies. 
 
Material and methods 
Plant material 
Open pollinated pine seeds were obtained from five P. pinaster clones (A, B, C, D, E) 
randomly selected in a first generation clonal seed-orchard (Sergude, 42.82º N, 8.45º W). This 
seed-orchard provides seeds of high genetic quality for reforestation in the Atlantic region of 
Galicia (NW Spain). Following commercial procedures and in order to stimulate germination 
before sowing, seeds were introduced in a water bath with aeration at 24ºC for 24 hours; 
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afterwards seeds were allowed to dry at room temperature, individually labeled and weighed 
in a precision balance.  
Experimental design 
We performed a randomized bifactorial experiment including the factors progeny (five 
levels) and vermicompost treatment (seven levels). The basic potting mixture consisted of 4 L 
plastic pots filled with peat and perlite (1:1 by volume), commonly used in forestry nursery. 
Peat was characterized by pH of 6.18 ± 0.01 and electrical conductivity of 0.12 ± 0.00 mS cm-
1. Peat was substituted on a volume basis by the following treatments:  (i) 0% vermicompost 
(control treatment), (ii) 2.5 % vermicompost (13.7 dw g pot-1); (iii) 5% vermicompost (27.4 
dw g pot-1); (iv) 10% vermicompost (54.9 dw g pot-1); (v) 25% vermicompost (137.3 dw g 
pot-1). In addition, we compared the growth of the seedlings with vermicompost extracts to 
that of those with solid vermicompost. To this end, the amounts of vermicompost equivalent 
to the lowest and highest doses assayed (2.5 and 25% peat substitution) were provided as 
water extracts and administered during the 20 weeks of the experiment.  
Mineral nutrition of the pine seedlings was ensured by supplementing all pots with 
11.2 g of a slow-release fertilizer (Multicote® 15:7:15 +2MgO) according commercial 
practices. This resulted in an addition of 1.67, 0.78 and 1.67 g of N, P and K respectively to 
each pot. Pots were covered with a 1-cm layer of sand, and seven seeds belonging to the same 
progeny were sown in each pot. Pots were arranged in the greenhouse following a complete 
randomized block design with 4 replications and the pots, containing progeny-vermicompost 
combinations, were randomized within each block. They were watered daily with spray 
irrigation and the temperature was regulated to 25°C during daytime and 15°C at night. 
Twelve weeks after sowing, when the number of newly germinated seeds was stabilized, the 
number of seedlings per pot was homogenised at five, eliminating, where necessary, the two 
seedlings showing the extreme sizes in the pot.  
Vermicompost and vermicompost extract preparation 
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Vermicompost was produced from rabbit manure by the earthworm Eisenia fetida in 1 
m3 vermirreactors at the facilities of the vermicomposting company TODOVERDE (Ourense, 
Spain). For the vermicompost extracts preparation, the same total amount of vermicompost 
assayed in the solid state for the 2,5% and 25% doses ( 328.8 and  3288 g dw respectively), 
was divided into 20 applications which were stored at 4ºC until used. Each week during the 
20 weeks of the experiment, one portion of the 2.5% and 25% doses was diluted in an amount 
of distilled water equal to the sum of the field capacity of the pots treated with the 2.5% or 
25% extracts (1200 ml). This volume was chosen in order to avoid leaching of the extract 
from the pots. The solution was aerated for 24 hours at 20ºC using an air pump and then 
filtered through a 0.05 mm sieve and subsequently poured onto the pot’s surface to field 
capacity (50 ml per pot). The main physicochemical characteristics of the vermicompost and 
the vermicompost extracts used in this experiment are summarized in Table 1. 
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Chemical analysis 
The vermicompost was sieved (2 mm) and moisture and organic matter content were 
calculated gravimetrically after drying at 60ºC for 24 h and ashing at 450ºC for 6 h. The pH 
and electrical conductivity (EC) of the vermicompost extracts were determined directly, and 
the pH and EC of the solid vermicompost was determined in water-diluted samples (1:20). 
Inorganic nitrogen (NH4+ and NO3-) in 0.5 M K2SO4 extracts (1:10 w/v) of the solid 
vermicompost and in the aqueous vermicompost extracts was determined by the modified 
indophenol blue technique (Sims et al., 1995), with a microplate reader (Bio-Rad Model 550). 
Total extractable N was determined after oxidation with K2S2O8 as described by Cabrera and 
Beare (1993) and the dissolved organic nitrogen (DON) content was calculated as (total 
extractable N)–(NH4+ –N +NO3- –N) both in the K2SO4 and water extracts. Dissolved organic 
carbon (DOC) was determined colorimetrically at 590 nm after moist digestion (K2Cr2O7 and 
H2SO4) of aliquots of the water and 0.5 M K2SO4 extracts (1:10 w/v).  
Evaluation of seedling growth 
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All pots were monitored twice a week and the date of germination of each seedling 
was recorded. The number of days of growth was calculated based on the germination and 
harvest dates. The growth of the seedlings was estimated 20 weeks after sowing by measuring 
the height and the stem diameter at 0.5 cm above the root collar. Seedlings were clipped off at 
the root collar and the different aboveground components (young needles, mature needles and 
shoot) were separated for subsequent dry matter determination by drying at 60ºC for 48 hours. 
The ratio of young to mature needles was used to estimate seedling maturity.  
The root system was carefully separated from the substrate under a gentle water jet 
using a sieve to collect any root fragments detached; subsequently lateral roots (d<0.2 mm) 
were separated from the taproot and both were dried at 60ºC for 48h for biomass 
determination. Shoot to root ratio was calculated using the sum of the above- and 
belowground plant fractions respectively.  
Data analysis 
All statistical analyses were performed using SAS software program (version 9.3, SAS 
Institute, USA). All the aboveground growth parameters were analyzed on a seedling basis 
(shoot height, shoot diameter, volume index, biomass of mature and young needles, and 
number of mature needles). However, parameters involving root measurements (root biomass, 
taproot biomass, lateral root biomass, shoot:root ratio) were analyzed on a pot-mean basis due 
to the difficulty of separating individual seedlings in the same pot.  
Two types of analyses were carried out: i) the effects of the incorporation of the 
different doses of solid vermicompost in pine seedling growth were evaluated by linear mixed 
models (MIXED procedure in SAS) and generalized linear mixed models (GLIMMIX 
procedure in SAS) in case of parameters with Poisson distribution (number of mature 
needles). The dose of vermicompost (0%, 2.5%, 5%, 10%, 25%) and the progeny (A, B, C, D, 
E), as well as their interaction, were introduced in the model as fixed factors while pot and 
block were introduced as random factors. When the main effects were significant, differences 
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among factor levels were tested for significance using the LSMEAN statement at p = 0.05. 
Data are shown as least square means ± s.e.  
ii) In order to analyze the effects derived from applying solid or water-extractable 
vermicompost, we compared the effects of vermicompost extracts to the effects of equivalent 
doses of solid vermicompost using a linear mixed model and generalized linear mixed models 
as described previously. The progeny (A, B, C, D, E), the nature of vermicompost amendment 
(solid vermicompost or vermicompost extracts), and the dose (2.5% and 25%) were 
introduced as fixed factors, while pot and block were introduced as random factors. Specific 
comparisons among factor levels were tested for significance using the LSMEAN statement at 
p = 0.05. 
In both analyses the effects were corrected by two covariates: the number of days of 
growth of each seedling and seed weight, since both parameters had a significant influence on 
seedling growth (mean values per pot were used in case of root growth analysis). Given that 
the seed weight also entails strong progeny effects, the residual seed weight of the pinions 
within each progeny was used as a covariate instead of the whole values in order to control 
the within-progeny variation without losing the variability due to the progeny effect on seed 
weight and therefore on seedling growth and development (Sorensen and Campbell, 1993). In 
all cases, parameter distributions were analyzed for normality by the Kolmogorov-Smirnov 
criterion and homogeneity of variances was checked by Levene’s test.  
 
Results 
Effects of incorporating different doses of solid vermicompost on pine seedling growth 
 Incorporation of small amounts of vermicompost into the potting media significantly 
affected the growth of the pine seedlings (Table 2). Seedling height was significantly 
stimulated by vermicompost addition, independently of plant genotype. Addition of 2.5% and 
10% vermicompost produced an increase of 2 and 1.8 cm in shoot height respectively as 
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compared to 0% vermicompost, while the rest of the doses assayed did not produce 
significant differences, as shown in Fig. 1a.  The incorporation of vermicompost influenced 
also the morphology of the seedlings independently of plant genotype (Table 2). The 
substitution of 2.5% of the peat in the potting media by vermicompost produced a 15% 
increase in the shoot:root ratio of the seedlings. However, this parameter was most affected by 
25% peat substitution by vermicompost which produced a 23% increase as compared to the 
unamended control potting media, as shown in Fig. 1b.  
Seedling biomass was significantly influenced by vermicompost addition 
independently of the progeny considered (Table 2) but no effects on aerial and root biomass 
were observed at the smaller doses (2.5%, 5% and 10%). In contrast, we observed a reduction 
of 12% in aerial biomass with 25% vermicompost as compared with the 0% dose (Fig. 2a). 
Similarly, 25% peat replacement by vermicompost produced a significant decrease in the 
shoot diameter of the seedlings (Table 3).  
Total root biomass was also reduced by 26% by the addition of 25% vermicompost 
(Table 3). Among the root fractions analyzed, 25% vermicompost produced a significant 
decrease in the biomass of the secondary roots, as shown in Fig. 2b, while tap root was not 
affected (Table 2).  
In addition, adverse effects with high doses of vermicompost were also observed in the 
maturity of the seedlings. We observed a significant decrease in the number of mature needles 
in seedlings grown with 25% vermicompost as compared to those treated with 0% 
vermicompost., probably due to their lower biomass Nevertheless, the ratio of mature to 
young needle biomass did not show any difference among the seedlings grown with the 
different vermicompost proportions (Table 3).  
Solid vermicompost versus vermicompost extracts 
The type of vermicompost amendment significantly influenced the growth and 
maturity of the seedlings, and notable differences were observed in most of the parameters 
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studied according to whether solid vermicompost or vermicompost extracts had been applied, 
although these effects depended on the dose used. Again the observed effects did not depend 
on the seedling’s genotype (Table 4).   
 Seedling shoot height was significantly affected both by the type and dose of 
vermicompost amendment applied. The observed increase in seedling height with 2.5% solid 
vermicompost amendment was not produced with vermicompost extracts, resulting in 
significant differences between solid vermicompost and vermicompost extracts at the 2.5% 
dose, as shown in Fig. 3a. Furthermore, 25% vermicompost extracts did not produce 
significant changes in seedling height as compared to the unamended control. Similarly, there 
were no significant changes in the shoot:root biomass of the seedlings with 2.5% and 25% 
vermicompost extracts (4.4 ± 0.16 and 4.7 ± 0.16 respectively) as compared to the control 
(4.3 ± 0.17) although there were significant differences with the solid vermicompost at the 
25% dose.  
 There was also a significant effect of the type of vermicompost amendment on the 
aerial and root biomass of the seedlings, which depended, as before, on the dose considered 
(Table 4). The use of vermicompost extracts did not produce significant changes in the aerial 
biomass of the seedlings as compared to the unamended control and therefore the decrease in 
this parameter with 25% solid vermicompost was not observed with the extracts, as shown in 
Fig. 3b. Similar results were observed in the biomass of the two root fractions analyzed 
although the most affected was the secondary roots fraction; again, root biomass fractions 
were not affected by the vermicompost extracts, but there were significant differences with 
the solid vermicompost at the 25% dose.  
The type of vermicompost amendment and the dose applied were also observed to have a 
significant effect on the number of mature needles per seedling (Table 4). Although 
incorporation of 2.5% and 25% vermicompost extracts did not modify the number of mature 
needles in relation to the control, there were significant differences with the solid 
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vermicompost at the 25% dose. However, no effects of the treatments were observed in the 
ratio of mature to young needles. Neither the solid vermicompost nor the vermicompost 
extracts produced significant differences in this parameter as compared to the control.    
 
Discussion 
The incorporation of small amounts of vermicompost into the potting media 
influenced significantly the growth of the pine seedlings. We observed a significant increase 
in seedling height with the lowest dose of solid vermicompost (2.5%) indicating a promotion 
of plant growth by vermicompost and suggesting a quadratic-like response of the plant to this 
type of amendment. Similar increases were observed by Atiyeh et al. (2001) in the shoot 
height of tomato plants after replacement of a commercial peat-based potting media by 5% 
vermicompost when additional mineral fertilization was provided to the plants. Such results 
would seem to indicate that other causes than nutrient supply - i.e. the presence of plant 
growth regulators - might be the cause for this growth enhancement.  
In addition, seedling morphology was significantly altered by vermicompost 
incorporation to the potting media, resulting in an increase in the shoot:root ratio of the 
seedlings. This increase was due to different growth patterns depending on the dose of 
vermicompost: while 2.5%, 5% and 10% doses produced small and non-significant increases 
in aerial biomass and decreases in root biomass, 25% vermicompost produced significant 
decreases in both biomass fractions. These shifts in biomass allocation to shoots with small 
amounts of vermicompost indicate that the conditions in the potting media were better for the 
seedlings than without vermicompost addition, allowing the acquisition of enough resources 
that were allocated to aerial biomass instead of to root biomass (McCarthy and Enquist, 
2007).  
In spite of this growth enhancement with the smaller doses of vermicompost, both 
aerial and root biomass were significantly reduced by 25% vermicompost incorporation. Root 
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biomass was more affected by high doses of vermicompost than shoot biomass resulting in a 
higher shoot:root ratio than the control seedlings. Among the root fractions, the most 
influenced by vermicompost were the lateral roots, while the tap roots remained unaffected. 
These reductions in seedling growth should be taken into account by forest nursery producers 
since reduced plant biomass, especially root biomass, might also reduce post-transplant 
vigour, and hence survival of the seedlings in the field (Burdett et al., 1983).  Reduced growth 
with high doses of vermicompost has also been reported elsewhere, (Roberts et al., 2007) and 
it has been attributed to the establishment of adverse physical and/or chemical conditions in 
the media due to vermicompost addition. A change in the pH of the potting media towards 
slightly alkaline conditions due to vermicompost addition could result in a proportional 
decrease in the availability of certain ions such as B, Zn, Fe, Mn, and Cu (Rengel, 2002). 
Nevertheless no sign of nutrient deficiencies was observed in the seedlings at the end of this 
experiment thereby indicating other factors as causes of the decrease in seedling growth. 
Previous studies have shown that vermicompost has normally a higher bulk density and lower 
particle size than the peat-based potting media (Hidalgo et al., 2006). Therefore, increasing 
amounts of vermicompost result in proportional increases in bulk density and water holding 
capacity which might ameliorate potting media physical conditions to some extent but which 
could also result detrimental when the airspace in the pots is excessively reduced (Atiyeh et 
al., 2001).  
In contrast to the solid vermicompost, the use of vermicompost extracts did not 
produce any effects on the seedlings, either positive or negative. Thereby confirming that the 
changes observed in pine seedling growth are due to the change in the physical properties of 
the potting media after solid vermicompost addition. Vermicompost extracts have been shown 
to enhance growth and suppress plant diseases in several plant species (Scheuerell and 
Mahaffee, 2004, Arancon et al., 2007). A recent study by Spaccini et al. (2008) showed that 
aerated compost extracts contained most of the low-weight compounds associated to a 
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compost matrix, most of them of microbial origin and therefore potentially bioactive 
substances. Moreover, a further study demonstrated that these extracts produced greater 
effects on plant physiology than the equivalent bulk compost (Puglisi et al., 2008). The 
presence of bioactive substances associated to the low molecular weight fraction of humic 
acids, capable of inducing changes in plant morphology and physiology, has also been 
reported in vermicompost (Canellas et al., 2002; Quaggiotti et al., 2004). However, no 
evidence of such bioactivity was found in our study with vermicompost extracts. 
Seedling growth was shown to be strongly dominated by genotype, as demonstrated 
by the highly significant differences found between progenies in most of the growth 
parameters evaluated. Moreover, the residual weight of the seeds, representing the variations 
from the mean seed weight of each progeny, and the number of days of growth, which 
depended on the date of germination and harvest, largely determined seedling growth, but, in 
accordance with results posed by other authors (e.g. Parker et al., 2006), did not affect the 
biomass partitioning of the pine seedlings. Accounting for these two important factors 
controlling early seedling performance is essential in order to correctly analyze the effects of 
vermicompost on plant growth, which would be otherwise not identified if these factors were 
ignored in the analysis. 
Plant genotype has also been shown to play a key role in the response to 
vermicompost. Previous studies demonstrated big interspecific (Donald and Visser, 1989) and 
even intraspecific (Zaller, 2007) differences in the growth of plants cultivated with 
vermicompost. Further, in a previous study by Zas and Fernández-López, (2005), the same 
genetic material as the one used here revealed important differences between progenies in 
their responses to mineral fertilization supplemented through subirrigation. In our study all 
progenies responded equally to the addition of vermicompost, either solid or liquid, to the 
potting media, therefore suggesting that vermicompost has an impact on pine seedling growth 
which must be attributed to factors other than mere nutrient supply. 
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Conclusions 
Peat replacement by vermicompost in a commercial potting media produced a 
significant increase in pine seedling shoot height and a significant change in plant 
morphology with increases in the shoot:root ratio. These changes in plant growth and 
morphology took place at very small doses (2.5%) and when plants were supplied with 
complete mineral nutrition thereby indicating the possible existence of nutrient-independent 
plant growth promoting effects. Nevertheless, the substitution of peat by higher doses of 
vermicompost (25%) produced detrimental effects on seedling growth, probably due to the 
creation of adverse physical conditions in the growing media. The observed effects were 
common for all the progenies studied indicating that, at least at this level of genotypic 
dissimilarity, no genotype dependent effects of vermicompost were detected. These 
detrimental effects of vermicompost on plant growth have seldom been signalled in the 
literature and must be taken into account in order to maintain the confidence of nursery 
producers in these types of organic potting amendments.  
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TABLE 1. Physicochemical characteristics of the vermicompost and vermicompost extracts 
used in this experiment. Values are means of three replicates.  
 Vermicompost Vermicompost extract (2.5%) Vermicompost extract (25%)
pH  7.32 7.96 7.74 
EC (mS cm-1) 0.29 0.20 0.38 
DOC  4967 μg g dw -1 133 μg ml -1 1180 μg ml -1 
DON 2241 μg g dw -1 56 μg ml -1 352 μg ml -1 
N-NH4+ 15 μg g dw -1 0.42 μg ml -1 1.81 μg mlL -1 
N-NO3- 1303 μg g dw -1 131 μg ml -1 176 μg ml -1 
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TABLE 2. Results of the mixed models and generalized mixed models of the effect of 
progeny, dose of vermicompost, interaction between progeny and dose, seed weight residuals 
and days of growth on the growth parameters measured in the pine seedlings. 
Progeny Dose 
Progeny x 
Dose 
Days of 
growth 
Seed weight 
 
F p F p F p F P F p 
Shoot Height  6.09 <0.01 4.84 <0.01 n.s. n.s. 1181.7 <0.01 4.38 0.04 
Shoot diameter 3.79 <0.01 5.96 <0.01 n.s. n.s. 659.7 <0.01 28.95 <0.01 
Aerial biomass 2.85 0.03 3.88 <0.01 n.s. n.s. 582 <0.01 30.41 <0.01 
Root biomass 9.58 <0.01 3.31 <0.01 n.s. n.s. 4.89 0.03 13.33 <0.01 
Shoot:Root ratio  0.84 0.50 4.63 <0.01 n.s. n.s. 0.44 0.50 0.37 0.54 
Biomass of the 
taproot 8.41 <0.01 2.01 0.09 n.s. n.s. 3.32 0.07 16.76 <0.01 
Biomass of 
secondary roots 8.88 <0.01 3.31 0.01 n.s. n.s. 3.42 0.07 8.8 <0.01 
Mature:young needle 
biomass 2.64 0.03 1.76 0.13 n.s. n.s. 189.95 2.35 19.52 1.23 
Number of mature 
needles per seedling 2.89 0.03 3.77 <0.01 n.s. n.s. 975.26 <0.01 18.7 <0.01 
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TABLE 3. Growth parameters of the pine seedlings grown with 0%, 2.5%, 5%, 10% and 25 
% solid vermicompost. Values are least square means ± standard error and different letters in 
each row indicate significant differences at p < 0.05.  
 0% 2.5% 5% 10% 25% 
Shoot height (cm) 2.68 bc 31.79 a 30.76 ab 31.53 a 28.36 c 
Shoot diameter (cm) 0.25 a 0.26 a 0.25 a 0.25 a 0.23 b 
Aerial biomass (g) 1.35 a 1.47 a 1.36 a 1.40 a 1.19 b 
Root biomass (g) 0.31 a 0.28 a 0.30 a 0.29 a 0.22 b 
Shoot:root ratio  4.29 c 4.96 ab 4.95 ab 4.75 b 5.30 a 
Number of mature needles 1.62 ab 1.79 a 1.58 bc 1.58 bc 1.43 c 
Mature:young needle ratio 0.10 ab 0.11 a 0.09 b 0.11 ab 0.09 ab 
Biomass of the secondary 
roots (g) 
0.20 a 0.18 a 0.19 a 0.19 a 0.14 b 
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TABLE 4. Results of the mixed models and generalized mixed models of the effect of the 
dose of vermicompost (2.5% and 25%), type of vermicompost amendment (solid, extracts), 
seed weight residuals and days of growth on the different growth parameters measured in the 
pine seedlings. 
 Progeny Dose Type Dose x Type Days of growth Seed weight 
 F p F p F p F p F P F p 
Shoot height  7.1 <0.01 13.78 <0.01 8.95 0.03 16.56 <0.01 629.83 <0.01 0.30 <0.01 
Shoot diameter 4.07 <0.01 10.77 <0.01 4.59 0.03 20.39 <0.01 526.41 <0.01 22.20 <0.01 
Aerial biomass 1.3 0.269 10.55 0.01 0 0.97 13.04 <0.01 325.61 <0.01 21.16 <0.01 
Total root 
biomass 5.19 <0.01 1.28 0.26 5.02 0.03 4.79 0.03 2.91 0.09 6.12 0.01 
Biomass of the 
taproot  7.59 <0.01 2.98 0.08 2.05 0.16 5.32 0.02 4.85 0.03 16.11 <0.01 
Biomass of the 
secondary roots 3.69 <0.01 0.49 0.48 4.77 0.03 3.91 0.05 1.74 0.19 1.95 0.16 
Shoot:root ratio  0.77 0.55 4.33 0.04 12.45 <0.01 n.s n.s 0.24 0.63 0.69 0.41 
Mature:young 
needle biomass 1.01 0.62 2.28 0.37 0.00 0.96 n.s n.s 64.89 <0.01 8.18 <0.01 
Number of 
mature needles  2.88 0.03 28.28 <0.01 0.04 0.84 29.49 <0.01 910.67 <0.01 21.78 <0.01 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
 
 
 
 
 
 
 
 
 
 
 
 
 21
 22
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
 
Figure captions 
Figure 1. Shoot height of the pine seedlings grown with the different vermicompost 
treatments: solid vermicompost (black bars) and vermicompost extracts (white bars), at 2.5% 
and 25% doses. Bars represent least square means ± standard error. Asterisks between the 
bars indicate significant differences between them. The spotted line represents the unamended 
control. Asterisks inside the bars indicate significant differences with the control.  
 
Figure 2. Aerial biomass of the pine seedlings grown with the different vermicompost 
treatments: solid vermicompost (black bars) and vermicompost extracts (white bars), at 2.5% 
and 25% doses. Bars represent least square means ± standard error. Asterisks between the 
bars indicate significant differences between them. The spotted line represents the unamended 
control. Asterisks inside the bars indicate significant differences with the control.   
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